Summary. Blood glucose and plasma insulin concentrations have beert measured in the fasting state and 15, 30, 45, 60, 90 and 120 min after 50 g glucose administered orally to subjects tested in a similar manner 5 years previously. --As a result of the previous test the subjects had been divided into three groups : Group I --normal glucose tolerance, no glucosuria; Group IX --normal glucose tolerance and glucosuria; Group III --normal fasting blood sugar concentration, but a failure of the blood sugar to return to the fasting level up to 120 rain after glucose.
--None of the subjects previously classified as normal (Group I), but three (all previously obese) of Group II and five (three previously obese) of Group III had become diabetic. --There was an increasing tendency to loss of weight the worse the glucose tolerance. For all subjects the weight change and change in the 120 rain blood glucose concentration gave a correlation coefficient of --0.47 (p<0.01). Group III subjects previously of normal weight gained weight (p < 0.02). --It was concluded that obese subjects with defective initial rises in plasma insulin concentration following oral glucose were those most likely to develop diabetes. Some obese subjects with normal glucose tolerance, glucosuria and apparently normal early insulin rise were also prediabetic. --The results suggested that in the former, but not the latter subjects, continued deterioration of the early insulin response was a factor in the emergence of diabetes, but due to the small numbers of subjects no definite conclusion could be reached on this point.
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The changes in insulin release in response to oral glucose which precede the onset of diabetes remain controversial. A reduced and delayed release has been described in clinical diabetes [14] , subclinical diabetes [11] and in "prediabetes" [2] . However, the characterisation of subjects with a strong family history of diabetes, particularly when this relates to an identical twin, as prediabetic has been questioned [10, 13] . Tattersall and Pyke [13] have concluded that the demonstration of defective insulin secretion in the unaffected twin of a diabetic cannot be assumed to indicate that this is an early feature of diabetes without a follow up study showing the development of diabetes. Other workers [6] have found increased insulin responses to oral glucose in genetically determined potential diabetics. Few investigations have attempted to define the role of changes in plasma insulin in the onset of diabetes by following individuals from a stage of normal glucose tolerance to a later stage of frank diabetes. As a result of largely chance observations a limited number of subjects have been described with normal insulin responses to oral glucose prior to the onset of diabetes [4, 3] . Danowski et al. [3] found that in three of four subjects the insulin response increased when diabetes occurred. Johansen [7] reported a case in which the insulin response fell with deterioration of glucose tolerance, whilst Fajans et al. [8] have found no consistent relationship between changes in plasma insulin response and changes in glucose tolerance.
In a previous study [5] the plasma insulin response was measured after 50 g glucose administered orally to three groups of subjects taken from the population of Arbroath: Group I --normal glucose tolerance, no glucosuria; Group II --normal glucose tolerance and glucosuria; Group III --normal fasting blood sugar concentration, but a failure of the blood sugar to return to the fasting level up to 120 rain after glucose. The blood glucose and plasma insulin concentrations observed in Group II were characterised by an exaggerated early rise and a tendency to late hypoglycaemia. The non-obese subjects of Group III showed a delay in the rise of plasma insulin concentration. In order to assess the relevance of these findings to the aetiology of diabetes mellitus, a repeat of this study has been carried out on the same individuals after an interval of 5 years.
Methods
Tests on People of Arbroath. In 1969-70 an attempt was made to trace and retest all the individuals tested in 1964-65, [5] . The 50 g oral glucose tolerance tests were then carried out after an overnight stay in hospital and before rising. This was a modification of the 1964-65 tests, which were carried out on ambulant subjects rested for 30 min in the out-patient clinic. Venous blood samples were taken for the determination of glucose and insulin. None of the subjects had been treated either by diet or drugs as a result of their previous glucose tolerance and all were on a normal diet containing more than 200 g of carbohydrate.
Plasma Sam/pies. Blood was taken from an antecubital vein. Two samples were taken fasting at an interval of five minutes prior to the administration of glucose; then single samples were taken 15, 30, 45, 60, 90 and 120 min. Glucose samples were processed and stored as previously [5] .
Blood or Plasma Estimations. Blood glucose and plasma insulin were measured as previously described [5] .
retested, had become diabetic, or died by the 1969-70 investigation. The precise numbers, mean age, sex ratio, mean ~o ideal weight and mean concentration of blood glucose and plasma insulin in 1964-65 of those retested are compared with the relevant figures for the whole population tested in 1964-65 in Table 2 . From this it may be seen that the sample of the original study 
Results
Recovery Subjects. Table 1 shows the number and distribution of subjects attending the 1964-65 and 1969-70 investigations and the number and causes of deaths. 69% of the subjects tested in 1964-65 were which was available for retesting in 1969-70 was reasonably representative of the population studied in 1964-65. As in the previous study, all the normal glucosurio subjects were male. No effect of sex on the results of glucose tolerance and changes in insulin concentration were detected previously. Much larger groups of subjects would be required to determine whether sex influenced the degree and type of change observed over the five year period of this study.
Changes after 5 Years: Glucose Tolerance. Fig. 1 shows the mean blood glucose and plasma insulin coneentrations of the individuals tested both in 1964-65 and 1969-70, divided into obese and non-obese subjects and groups according to their classification in 1964-65. The statistical analysis of these results is presented in Table 3 . On average, all the glucose tolerances had become worse over the 5 year period as judged by absolute values and in relation to the time taken to return to the fasting level. The tendency was most marked in previously obese subjects with "delayed return". The fasting blood glucose concentration had increased in all groups, the increases ranging from 8 rag/100 ml in the normal non-obese to 26 rag/100 in the delayed return, obese group. Although the blood glucose was measured by the same method on both occasions, it is impossible to rule out the occurrence of
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Glucose .. mg~lOOml 120 ,, "'--. Table 3 a small, systematic difference in the estimation of blood glucose between the two studies. The reasons for believing that the increases in blood glucose were mainly if not entirely accounted for by a deterioration of glucose tolerance were as follows: the increases in fasting glucose were not uniform, but least in the normal and most in the delayed return groups and were greater in the obese than the non-obese in all groups; glucose tolerance is known to deteriorate with increasing age; the shape of the glucose tolerance curve with closely parallel increases in insulin concentration are further evidence that glucose tolerance had deteriorated even in the normal, non-obese group. The degree of deterioration of glucose tolerance has been assessed in three different ways: production of "diabetes" according to various criteria (Table 4) : increase in the area under the glucose curve and increase in the 120 rain glucose concentration. Taking the first three most stringent criteria as indicating diabetes (clinical diabetes; blood glucose concentration at t20 min> 120 mg/ml and either or both the concentrations at 90 min > 140 rag/ 100 ml and at 60 min> 160 rag/100 ml) none of the subjects classified as normal in 1964-65 had become diabetic, but three (all previously obese) classified as delayed return had done so. The complete analysis of the transitions in classification which occurred between the two studies is shown in Fig. 2 . The deterioration in glucose tolerance expressed either as increase in the area under the glucose curve or as increase in the 120 min blood glucose concentration is given in Table 5 . Most of the groups showed a significant increase in the area under the glucose curve, but there was no significant increase in the 120 rain blood glucose concentration in the normal groups.
Weight. The mean weight changes which occurred over the five year period between the two investigations are shown in Fig. 3 . Of the subjects who were obese (1964-65) both the normal glucosuric and delayed return groups, on average, lost weight to a significant degree (p <0.05). The only other significant mean. weight change recorded was in the non-obese subjects with delayed return, who gained weight (p < 0.02).
Plasma Insulin. In parallel with the higher and more prolonged elevation of the glucose tolerance curve in 1969-70 the obese and non-obese subjects who were normal in 1964-65 showed higher and more prolonged elevations of plasma insulin concentration in 1969-70. The area under the insulin curve was significantly increased in the non-obese (p <0.001) and obese (p < 0.025) groups and the 30 rain insulin concentration was significantly raised in the non-obese group (p < 0.05).
The non-obese subjects who were 'normal glucosuric' in 1964-65 continued to show a rapid high rise in plasma insulin in 1969-70, whereas the members of this group who were obese in 1964-65 no longer showed a rise in excess of the normal obese subjects. The response of the latter had increased, whilst that of the former had, if anything, slightly decreased. There was little change Results expressed as mean 4-S.E.M. of the differences calculated for each individual. The numbers of individuals tested are indicated in parenthesis. The significance of the mean change was calculated by the paired t-test and is expressed as a, p ~ 0.05; b, • ~ 0.01.
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49.3=[=7, 9 b in the plasma insulin concentration of the subjects with delayed return, whether they were obese or nonobese in 1964-65, although the increase in the area under the insulin curve of the non-0bese group was significant (p < 0.05). 
Discussion

Reproducibility of Previous Findings
The pattern of observations remained remarkably consistent between the two studies, lending support to their general significance. Non-obese subjects with normal glucose tolerance and glucosuria continued to show an exaggerated, early rise in plasma insulin concentration following oral glucose, despite venous plasma glucose concentrations somewhat lower than the normal subjects. The plasma insulin response to oral glucose in subjects showing delayed return of the plasma glucose to the fasting concentration was again found to be delayed and sustained.
Aetiology of Diabetes. 1. Definition of diabetes. A number of different criteria are used currently for the arbitrary definition of "diabetes" from the results of an oral glucose tolerance test. Most of these criteria place greatest emphasis on the blood glucose concentrations towards the end of the test. From the results in Tables r and 5 it can be seen that this emphasis could also be justified in terms of the present study, since it gave the clearest subsequent separation between, previously normal and abnormal subjects. The present results show that an increase in the area under the glucose curve and an increase in the 120 min blood glucose concentration are not different ways of expressing the same deterioration of glucose tolerance. These two indices were significantly positively correlated (2 < 0.05) only in the normal subjects, but were negatively, although insignificantly, correlated in the subjects with delayed return.
2. Role of obesity. Obesity is associated with insulin resistance. One possible cause for the appearance of diabetes over the 5 year follow-up period of this study would be excessive weight gain. If the weight changes over the 5 year interval were calculated according to the glucose tolerance in 1969-70 (Fig. 4) exactly the opposite was observed. There was an increasing tendency to loss of weight the worse the glucose tolerance, the mean weight loss being significant in the obese diabetic group (< 0.05). Further support for this relationship of weight change and glucose tolerance was obtained when the results of all the subjects were tested for a correlation between weight change and change in the 120 rain blood glucose conceutration. In every group, obese or non-obese, the correlation was negative and the pooled results gave a correlation coefficient of --0.47 (p<0.01). Subjects who were non-obese and showed delayed return of the blood glucose concentration in 1964-65 uniformly gained weight and showed a significant increase in the area under the plasma insulin curve. This finding is of considerable interest in relation to the connection between obesity and diabetes. Several years ago, Seltzer et al. [12] drew attention to symptomatic, spontaneous hypoglycaemia as an early manifestation of diabetes. From this, they also deduced the delayed rise of plasma insulin concentration after oral glucose, which is now recognised to be commonly associated with diabetes. They argued that hyperinsulinism late in the glucose tolerance could lead to hypoglycaemia. Our previous results [5] have shown that this pattern of insulin release may be found in non-diabetics, without a strong family history of diabetes, by selecting individuals with what we have defined as "delayed return" in their glucose tolerance 9 This pattern of insulin release might have important effects on such nondiabetic, non-obese individuals. Hypoglycaemia is even more likely in this situation and might lead to increased appetite, increased carbohydrate intake and weight gain. Thus a lag i u insulin secretion in a normal person could predispose to obesity. The frequently observed connection between obesity and diabetes may not, therefore, only reflect the decreased insulin sensitivity due to obesity, but may also be the result of an identical and predisposing abnormality of insulin release. 3. Plasma insulin. Most studies attempting to define changes in plasma insulin concentration in prediabetes have used individuals genetically predisposed to diabetes. The validity of this approach has been questioned [10] . As far as we are aware, no previous attempt has been made to study a sample of a normal population prospectively to determine the pattern of changes in plasma insulin concentration after oral glucose which occur in individuals prior to the onset of diabetes 9 It has been suggested that prediabetics have a (genetically determined) delayed rise in plasma insulin in response to glucose [2] . The results of the present study show that individuals with this type of insulin secretion are indeed those most likely to develop diabetes later. There was a highly negative correlation coefficient of 0.93 (0.1 ~p ~ 0.05) between the 1964-65 30 rain insulin: glucose ratio and the increase in 120 min blood glucose concentration after 5 years in the obese subjects with delayed return. Furthermore, the only individual to develop severe ketotic diabetes during the five year follow up period had in 1964-65 the flattest insulin response of all the 78 subjects tested (Fig. 5) . It must be recognised that there is a certain inevitability about this finding which is the result of the definition of diabetes. We have shown that people with delayed return have a lag in insulin output as judged by insulin concentration in peripheral plasma. Since the commonest definition of mild diabetes could be termed "severe delayed return" and since glucose tolerance deteriorates with ageing, it is inevitable that the delayed return group should produce "diabetes" in time 9 Diabetes however does not arise exclusively from subjects with this defect. Diabetes, both clinical and asymptomatic, arose from the obese "normal glucosuric" subjects, who ~ppear to have normal or supranormal initial insulin responses in corn-parisons with the obese normal subjects. The initial insulin response was not, however, higher than that of the non-obese glucosuric subjects, as might have been expected as a result of their obesity. Elevated insulin responses to oral glucose in genetic renal glucosuria have been described by Luyckx and Lefebvre [9] , but the status of renal glucosuria as a prediabetic phenomenon remains controversial. In a five year follow up study, the Birmingham Diabetes Survey Working Party [i] reported that renal glucosuria was an innocent peculiarity, but that "lag storage" curves were converted in a significant number to a diabetic abnormality. It is likely that the normal glucosurics of the present study resemble the Birmingham "lag storage" group, since they showed elevated venous blood glucose concentrations 30--60 min after glucose and it is likely that their capillary glucose concentrations (as measured in the Birmingham survey) would have been considerably higher. For the same reason the statement that their insulin response was normal or supranormal must be qualified by the lack of information concerning the arterial glucose concentration and its relationship to the insulin response. It remains possible that the normal glucosuric subjects had an insulin response which was low relative to very high arterial glucose concentrations.
If the main factor determining the deterioration of glucose tolerance was deterioration of the capacity for insulin secretion rather than a constant defect of secretion on a background of changing sensitivity, then the change in insulin release over the five year period might be more important than the initial pattern of insulin release in 1964-65. The five year changes in insulin release for all subjects were expressed as changes in the absolute concentration at 30 min, or changes in the 30 rain insulin: glucose ratio, or changes in the area under the insulin curve. The obese subjects with delayed return showed the highest correlation coefficient (--0.84) between the changes in the 30 rain insulin concentration and that in the 120 min glucose concentration over the 5 year period. This suggested that further deterioration of the early insulin response to glucose could only have been an important factor determining the loss of glucose tolerance in this group. The small number of subjects in this group prevents a definite conclusion on this mechanism as it relates to the obese subjects with delayed return. Otherwise, neither this index nor any of the other indices of deterioration of insulin production were highly correlated with the deterioration of glucose tolerance in any group (as judged by an increase in the glucose concentration at 120 min).
No satisfactory index of insulin sensitivity can be derived from the present results. The possible role of insulin resistance was assessed by assuming that a high insulin concentration at 120 rain in the first test reflected a poor response to endogenous insulin. A significant (p < 0.01) positive correlation between this value and the 5 year change in the glucose concentration at 120 min was found in the obese normal glucosnric subjects. This finding is consistent with insulin resistance being more important than insulin deficiency in determining the deterioration of glucose tolerance in this group.
